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ISOLATION OF THE NUCLEOTIDES OF RIBONTJCLEIC ACID FROM
THE SKIN OF YOUNG RATS*t
I. A. BERNSTEIN, PH.D. AND WALTER D. BLOCK, PH.D. WITH THE ASSISTANCE OF
PHYLLIS FOSTER, M.S.
Evidence is accumulating relating nucleic acid metabolism and protein synthe-
sis (cf. 1—3) although the mechanism involved is not yet apparent. A study of
the "turn over" (balance of catabolism and anabolism) of components of nucleic
acid in mammalian skin correlated with normal and aberrant conditions of
mitosis, keratinization, growth, etc., may possibly provide data bearing on this
mechanism.
"Turn over" of biological compounds may be estimated by studying the rate
of incorporation of an isotopic tracer (cf. 4). For example, H3P3204 (5), NHt
(6), Adenine-N15 (7), and HC'400Na (8), have been used to label the nucleic
acids of various tissues for this purpose. A method for isolating a pure repre-
sentative sample of the compound under investigation is a prerequisite for such
a study. This paper presents a procedure for the isolation of the nucleotide,
nucleoside and free base components of RNA' from the skin of young rats.
METHODS
Isolation of the nucleotides of RNA—The entire skin (less that covering the
head and limbs) of rats, 2—7 days old, is excised and frozen in liquid N2 after the
subcutaneous fat has been removed. The tissue is reduced to small particles by
grinding in a mortar to which liquid N2 is added periodically in order to keep
the skin brittle. Two volumes of 0.5 M HCIO4 are then added and the tempera-
ture of the mixture is allowed to rise to about 2° while grinding continues.
When the tissue is finely dispersed, the "acid insoluble" material containing the
nucleic acids, protein, lipides, etc., is removed by centrifugation at 00 and
10,000 X g for 10 minutes. (The supernatant contains the acid soluble hexose
phosphates, coenzymes, nucleotides, etc.) The RNA fraction is obtained from
the "acid insoluble" material by the procedure described by Bernstein (9)
(Fig. 1). NaOH is used to separate the DNA and RNA. The RNA fraction, as a
mixture of the mononucleotides, is neutralized to phenol red with dilute KOH
and any precipitate which forms is filtered. The filtrate is diluted to 200 ml. and
* From the Department of Dermatology and Syphilology, Medical School and the Insti-
tute of Industrial Health, University of Michigan, Ann Arbor, Michigan.
Presented at the Sixteenth Annual Meeting of The Society for Investigative Dermatology
Inc. Atlantic City, N. J., June 4, 1955.
f Supported by a grant from the National Institutes of Health, Public Health Service,
Department of Health, Education and Welfare.
1 The following abbreviations are used: RNA = ribonucleic acid; DNA = desoxyribo-
nucleic acid; NA = nucleic acid; NaRNA and NaDNA = sodium salts of the respective
nucleic acids; AMP = adenosine monophosphate; GMP = guanosine monophosphate;
CMP = cytidine monophosphate; liMP uridine monophosphate; D = optical density;
X = wave length.
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Homogenized in 2 vol. 0.5 N cold HC1O4
Centrifuged 10,000 X g., 0°Skin Extract (acid soluble nu-
cleotides, sugar eaters,
glycogen, etc.)
DefattedResidue (protein, NA, lipids) Extract (lipides)
10% NaCI, 100°Residue (protein, NA) Residue (protein)
2 volumes alcoholExtract (RNA, DNA) Supernatant
0.5 N NaOH, 18 hours
Precipitate (NaRNA, NaDNA) 37°, followed by acidication Precipitate (DNA)
Supernatant (ENA fraction) Dowex I (HCOO1 Eluate (AMP, GMP, CMP,
TJMP)
Fia. 1. Flow sheet for isolation of the nucleotides of RNA from the skin of young rats
(age: 2—7 days). For details of the procedure see text. For explanation of abbreviations
see note 1.
is passed through a column of Dowex 1 (in the formate form) ,2, The column,
now containing the adsorbed nucleotides, is washed with 100 ml. of 1120 and the
nucleotides are eluted with ammonium formate by the gradient elution technique
of Huribert, et at. (10). The elution of the compounds is followed by determining
the Dse of the eluate with a Beckman DU spectrophotometer. The CMP'
band (fraction A), the. TJMP1 band (fraction B) and the AMP-GMP' band
(fraction C) are then vacuum distilled in a Rinco rotating evaporator4 at about
500 to remove the ammonium formate. The residues are taken up in 1120, neutral-
ized to phenol red with dilute K0H, diluted to 200 ml. and separately applied
as before to a column of Dowex 1 (formate). After washing the column with 100
ml. of H0, the nucleotides are eluted with HCOOII (10).
Identification of nucleotides—For identification of the nucleotides, their ultra-
violet spectra in 0.08 N HC1, 0.08 N NaOH and 0.02 N phosphate buffer, pH
7.0 were determined and compared with values reported in the literature (cf. 11)
and with spectra determined on known samples purified by the same column pro-
cedures used for the material from the skin. In addition, each nucleotide was
dephosphorylated with a phosphatase obtained from human prostate (12) to
obtain the nucleoside and hydrolyzed in concentrated HC1O4 (13) to obtain the
free base. These components were then identified by ascending (14) filter paper
chromatography at room temperature for 24 hours using the butanol—urea and
ammonium citrate (pH 3.6)—isoamyl alcohol systems of Carter (15). The com-
pounds were detected on the paper by their absorption of the light from an
2 Dowex 1 ion-exchange resin (200-400 mesh) received in the chloride form is transformed
into the formate form as described by Huribert, et al. (10) after first removing the "fines"
by suspension in 1120, allowing the heavier particles to settle out and decanting the lighter
ones.
'Size of resin bed: 11 cm. in height and 1.3 cm. in diameter. Mixing volume: 500 ml.
containing H0 at the start. Solution put iij reservoir: 500 ml. 1 M ammonium formate.
Source: A. S. Aloe Company.
'Size of resin bed and mixing volume (with H0) same as in note 3. Reservoir contents:
500 ml. 4 M HCOOH.
text.
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FIG. 2. Separation of nucleotides of RNA by ion-exchange chromatography. Exchanger:
Dowex-1 (formate). Eluting system: 1 M ammonium formate by gradient technique of
Huribert et al. (10). The "known" curve represents an artificial mixture of known samples;
the "skin" curve, the nucleotides in the RNA fraction of rat skin. For further details see the
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FIG. 3. Purification of Fractions A, B and C (shown in Fig. 2) of the "skin" preparation
by further ion-exchange chromatography. Exchanger: Dowex-1 (formate). Eluting system:
4 M HCOOH by the gradient technique (10). Each fraction was treated separately and the
curves put on the same graph for brevity. For further details see the text.
ultraviolet lamp (15). The dephosphorylations were carried out on approd-
mately 5 X 10 M solutions of the nucleotides in 0.1 M acetate buffer, pH 5.5.
For the acid hydrolyses, 10 M solutions of the nucleotides in 12 N 11C104 were
heated at 1000 for 2 hours.
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TABLE I
Spectral characteristics of nucleotides
Values for the known compounds were obtained by combining samples of the four
known nucleotides and reisolating them by the ion-exchanging technique in the text.
Compound p11
Maximum and
Minimum (so) Optical Density Ratios
—lmax. —X mm. Do5—
Dzsa
Dsso
—
Doo
Des
—
Dsso
D,5,
—
Dsso
AMP (known) acid 257 230 0.32 0.86 0.44 0.06
neutral 259 227 0.29 0.80 0.39 —
alkaline 260 228 0.29 0.81 0.43 —
(skin) acid 257 230 0.33 0.84 0.47 0.07
neutral 260 227 0.30 0.79 0.40 0.03
alkaline 260 229 0.31 0.79 0.42 —
CMP (known) acid 279 241 0.36 0.48 1.85 1.34
neutral 271 251 1.06 0.90 1.11 0.33
alkaline 270 250 1.05 0.90 1.11 0.31
(skin) acid 278 241 0.40 0.47 1.83 1.30
neutral 270 250 1.06 0.89 1.07 0.30
alkaline 270 251 1.06 0.90 1.12 0.32
UMP (known) acid 262 230 0.30 0.80 0.59 0.05
neutral 261 231 0.31 0.77 0.63 0.06
alkaline 261 242 0.85 0.85 0.57 0.05
(skin) acid 261 230 0.34 0.80 0.56 0.05
neutral 262 230 0.30 0.79 0.63 0.06
alkaline 261 242 0.92 0.89 0.57 —
GMP (known) acid 257 228 0.39 0.95 0.70 0.48
neutral 251 224 0.62 1.17 0.76 0.32
alkaline 262 231 0.50 0.91 0.84 0.14
(skin) acid 258 230 0.34 0.91 0.72 0.49
neutral 250 224 0.57 1.16 0.75 0.30
alkaline 263 231 0.45 0.88 0.86 0.13
* Spectra determined in 0.08 N HC1, 0.02 M phosphate buffer pH 7.0 and 0.08 N NaOH.
RESULTS
Fig. 2 shows the degree of separation of a known mixture of CMP, AMP,
UMP and GMP achieved by gradient elution from a Dowex 1 (formate) column
by ammonium formate. OMP and TJMP are separated but AMP and GMP are
not resolved. Fig. 2 presents a similar curve on the nucleotides from the RNA
fraction of rat skin. In this case CMP and lIMP are not as well resolved as was
true with the synthetic mixture. Fig. 3 indicates the results obtained when frac-
tions A, B and C of the "formate" eluate from the skin experiment were adsorbed
separately on columns and eluted with IICOOH. Fraction A showed a single
band in the position coincident with that of a known sample of CMP. Fraction B
contained a minor amount of CMP but its major component appeared at the
position of lIMP. Fraction C was well resolved into AMP and GMP. The second
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TABLE II
Comparison of the J?f values
For standard samples of nucleotides, nucleosides, purines and pyrimidines and for
samples isolated from the skin of young rats. For details of the procedures see the text.
Component
Rf
BuOll-urea Citrate-isoamyl alcohol
Cylidylic acid (CMP) known 0
skin 0
Enzymatic hydrolysis: known .13 .80
skin .14 .83
Standard cytidine .13 .82
Acid hydrolysis: known .23
skin .23
Standard cytosine .21
Uridylic acid (UMP) known 0
skin 0
Enzymatic hydrolysis: known .20 .74
skin .20 .74
Standard uridine .22 .74
Acid hydrolysis: known —
skin .36
Standard uracil .36
Adenylic acid (AMP) known 0
skin 0
Enzymatic hydrolysis: known .22 .66
skin .23 .66
Standard adenosine .24 .66
Acid hydrolysis: known .40
skin .40
Standard adenine .41
Guanylic acid (GMP) known 0
skin 0
Enzymatic hydrolysis: known .11 .60
skin .11 .60
Standard guanosine .11 .60
Acid hydrolysis: known .16
skin .16
Standard guanine .15
ion-exchange system applied to each of the three fractions individually appears
to result in the complete separation of the 4 nucleotides and each nucleotide
appears in the position occupied by a known sample of the particular compound.
Table I compares the maxima and minima as well as optical density ratios of
the acid, neutral and alkaline spectra of known samples and samples of nucleo-
tides isolated from rat skin. In general, there is good agreement between known
and isolated samples. The minor differences in values for maxima and minima
between the two samples are probably a result of not reading at less than 1 mj
differences in wave length. The presence of residual amounts of formate (which
absorbs below 260 m) could account for the discrepancies in the ratios which
occur in the D235/D2 values.
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TABLE III
Specific activities of "cuts" in an ion-exchange-purification of nucleotides from rat skin after
injection of H,P"04
The exchanger conditions were those of Fig. 3.
Tube
No. Compound
Vol. of
"Cut" (ml.) Ds6a uM ofCompound
Total Counts
per Minute
Specific
Activity'
Fraction Average
Specific Activity'
5
6
OMP
CMP
11.2
11.2
0.738
0.722
0.634
0.621
4510
4400
7120
7100 7110 1%
8
9
10
11
12
AMP
AMP
AMP
AMP
AMP
9.3
9.3
9.3
9.3
9.3
2.08
3.87
3.09
1.44
0.585
1.39
2.59
2.06
0.96
0.44
530
864
753
288
149
3810
3340
3655
3000
3440 3450 5%
26
27
28
29
30
GMP
GMP
GMP
GMP
GMP
9.3
9.3
9.3
9.3
9.3
2.42
2.82
2.89
2.67
2.23
1.91
2.22
2.28
2.11
1.79
5680
5950
6244)
5860
4940
2980
2680
2740
2780
2780 2800 3%
39
40
41
42
43
UMP
UMP
UMP
lIMP
lIMP
11.2
11.2
11.2
11.2
11.2
0.200
0.257
0.283
0.280
0.255
0.213
0.279
0.308
0.305
0.277
1340
1870
1935
1820
1595
6200
6100
6250
5970
5790 6060 3%
* Counts per minute per uM of compound.
Table II compares the Rf values for the components of the nucleotides (known
and isolated) resulting from phosphatase activity and hot acid hydrolysis with
standard samples of the expected products. In every case the values for the
hydrolytic products from the isolated nucleotides agreed with those of the known
substances within experimental error.
40—100 uM of each nucleotide per 100 gm. of rat skin are obtained in the final
purified fractions.
DISCUSSION
The data reported confirm the identity of the nucleotides isolated from the
RNA fraction of rat skin and the methods described should allow "turn over"
studies of their components.
Although the fractions obtained from the "HCOOH" column appear to be
relatively pure by the criterion of ultraviolet absorption it is possible that non-
absorbing components may be present in each fraction. Obviously if these con-
taminants were to be labeled by the isotope being used in the particular study
involved, an erroneous picture of "turn over" would result. Thus the "isotopic
purity" of each fraction will have to be determined for each different isotope
to be used. For example, in a study using P, data showing a constant ratio of
radioactivity to ultraviolet absorption (i. e. a constant specific activity) in each
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"cut" of a particular nucleotide band from the "HCOOH" column would indi-
cate the probable "isotopic purity" of that nucleotide fraction for P32.
We have begun such a study and Table III shows the preliminary data ob-
tained. Young rats (7 days old) received 32 in the form of sodium phosphate by
intraperitoneal injection. Two hours later they were sacrificed and the nucleotides
of the RNA fraction isolated from the skin as described. The specific activities
(counts per minute per uM of compound) of the nucleotides were determined in
each "cut" in which there was a major amount of the compound. As shown in
the table the specific activities in each "cut" of a particular fraction agreed with
the average value for the fraction to 5 % or less which is within the error of
the method used to determine radioactivity.
If further work confirms the "isotopic purity" of the nucleotide fractions with
respect to P, studies of "turn over" of the nucleotide phosphate will be initiated.
SUMMARY
A method is presented for isolating the nucleotides of RNA from rat skin for
"turn over" studies. The identity of the nucleotides is confirmed by ultra-
violet absorption and paper chromatographic data. The need for demonstrating
the "isotopic purity" of the fractions is discussed.
The authors gratefully acknowledge the aid of Miss Dorothy Sweet and the
interest of Dr. Arthur C. Curtis during this investigation.
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